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© Pharmaceutical compositions containing isoquinoline derivatives.

© The object of the present invention is to provide novel pharmaceutical compositions containing isoquinoline

derivatives which exhibit excellent inhibitory action against isozymes of phosphodiesterase of the type IV

(PDEIV).

The active components of the pharmaceutical composition according to the present invention are

isoquinoline derivatives which are represented by the following general formula or a pharmaceutically-acceptable

salt thereof.
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[in the formula, R is hydrogen or an alkoxy group]

The compounds according to the present invention have excellent inhibitory action which is highly specific

to PDEIV. Therefore, they are very useful in pharmaceuticals such as antidepressive agents, tranquilizers,

antidementiat agents, antiinflammatory agents, antiallergic agents, antiasthmatic agents, liverprotecting agents,

diuretic agents, etc.
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The present invention relates to a pharmaceutical composition which contains at least one isoquinofine

derivative and/or a pharmaceutically-acceptable salt thereof as an active component.
An action of regulating the cell functions of cAMP and cGMP as intracellular information transmitters

has been clarified and investigations have also been made into the cyclic nucleotide phosphodiesterases

5 which are enzymes that decompose the above substances. The cyclic nucleotide phosphodiesterases are

often abbreviated as phosphodiesterases. They are classified into several isozymes and the molecular

structure, the regulating functions, the distributions in tissues and in cells and the specificity of each of

these isozymes have been clarified. At the same time, there have been brief investigations into inhibitors

which are specific to the isozymes of the phosphodiesterases and some inhibitors which are useful as

10 pharmaceuticals have been found.

Phosphodiesterase type IV isozyme (hereinafter, referred to as PDEIV) which is one of the isozymes of

the phosphodiesterases is distributed in tissues and cells such as brain, kidney, spermary, inflammatory

cells, etc. It has a low Km value to cAMP and is an enzyme which specifically decomposes cAMP. When
the PDEIV is inhibited, the concentration of cAMP in the tissues increases and, therefore, it has been known

75 that the inhibitors for PDEIV exhibit various pharmacological actions such as an action to central nerves
such as antidepressant, tranquillizing and antidemential actions, an antiiflammatory action due to inhibition

of isolation of chemical mediators and also to inhibition of perfusion of neutrophils, a bronchodi fating action,

a relaxing action to smooth muscles, a protective action to livers, a diuretic action, etc.

With respect to isoquinoline derivatives, some of them have been known to exhibit pharmacological

20 actions such as a pheripheral dilating action and an antispasmodic action. In fact, drotaverine and the like

have already been used as pharmaceuticals. The present inventors carried out an extensive study on the

new pharmacological actions of isoquinoline derivatives and found that the isoquinoline derivatives of the

present invention have an excellent inhibiting activity with a high specificity to PDEIV.

An object of the present invention is to offer novel pharmaceutical compositions containing isoquinoline

25 derivatives having an excellent PDEIV-inhibiting action as an active component.

The active component of the pharmaceutical composition according to the present invention is an
isoquinoline derivative represented by the following general formula:

35

40

[in which R is hydrogen or an alkoxy group]

45 In the above formula, R is hydrogen or a linear or branched alkoxy group having one to ten carbon
atoms such as methoxy, ethoxy, propoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,

tertbutoxy, pentoxy, isopentoxy, neopentoxy, tert-pentoxy, hexoxy, dimethylbutoxy, peptoxy, octoxy, de-

soxy, etc. The isoquinoline derivatives according to the present invention also include pharmaceutical^

acceptable salts of the compounds repesented by the above general formula such as addition salts with

so hydrochloric acid, sulfuric acid, nitric acid, hydrobromic acid, phosphoric acid, perchloric acid, thiocyanic

acid, boric acid, formic acid, acetic acid, haloacetic acid, propionic acid, glycolic acid, citric acid, tartaric

acid, succinic acid, gluconic acid, lactic acid, malonic acid, fumaric acid, anthranilic acid, benzoic acid,

cinnamic acid, p-toluenesulfonic acid, naphthalenesulfonic acid, sulfanilic acid, theophylline-acetic acid, etc.

Amongst these salts with hydrochloric acid and theophylline-acetic acid are preferred.

55 These salts may be manufactured from the isoquinoline derivatives according to the present invention

in a free state or mutually converted from one to another by conventional means. Stereoisomers such as
cis-trans isomers, optical isomers, conformational isomers, etc. or hydrates of these compounds are also

included in the present invention.

3
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Examples of compounds according to the present invention which are particularly preferred are as

follows:

1-Benzyl-3,4-dihydroisoquinoline [Compound 1]

1 -(S'^'-DimethoxybenzylJ-ey-dimethoxy-S^-dihydroisoquinoline [Compound 2]

5 I^S'^'-DiethoxybenzyO-e.y-diethoxy-S^-dihydroisoquinoline [Compound 3]

l-JS'^'-DiethoxybenzylVe^-diethoxy-S^-dihydroisoquinoline hydrochloride [Compound 4]

l-tS'^'-DiethoxybenzylJ-ej-diethoxy-a^-dihydroisoquinoline-theophylline-T-acetate [Compound 5]

l-IS'^'-DiethoxybenzylJ-ej-diethoxy-S^-dihydroisoquinoline-theophylline-T-acetate monohydrate [Com-
pound 6]

70 The above compounds have been disclosed, for example, in the Japanese Laid-Open Patent Publica-

tions 50/046818, 62/167781 and 62/187411. They can be prepared by known methods.

In the following pharmacological actions of the isoquinoline derivatives of the present invention will be
shown.

rs 1 . Preparation of Phosphodiesterase Isozyme.

Each of the isozymes of the phosphodiesterases was prepared by conventional means. Thus, 10 g of

freeze-dried powder of porcine artery was homogenized by adding 5 times as much (v/w) of a buffer

(comprising 0.25 M of sucrose, 10 mM of Tris hydrochloride (pH 7.8), 5 mM magnesium chloride, 0.2 mM
20 ethylenebis(hydroxyethylenenitrilo)tetraacetic acid, 100 nM p-toluenesulfonyl fluoride, 100 nM teupeptine

and 100 nM pepstatin) thereto. The mixture was centrifuged at 2,500 rpm for 20 minutes and the

supernatant liquid was further centrifuged at 40,000 rpm for one hour. The resulting supernatant liquid was
filtered and dialyzed to a solution (70 mM sodium acetate of pH 6.8 and 5mM of 2-mercaptoethanol)

containing the same protease inhibitor as in the above buffer.

25 The sample obtained by the dialysis was added to a DEAE-sepharose-FF column (Pharmacia) which

was filled in a column equilibrated with the above-mentioned buffer and then eluted with a solution of

sodium acetate having a linear graded concentration gradient of 0.07-1.0 M. The activity of the

phosphodiesterase on the isozyme in the eluted fractions was measured. Fractions in which the activity was
concentrated were collected for use as an enzyme source. In the present test system, isozymes of the

30 types I, II, III, IV and V were eluted/fractionated into the fractions of 20 and 21; 30 and 31; 29; 61; and 67,

respectively.

2. Method of Measuring the Phosphodiesterase Activity.

35 A reaction system was prepared containing 50 mM Tris HCI (pH: 7.5), 6 mM magnesium chloride, 1

mM of ethylenebis(hydroxyethylenenitrilo)tetraacetic acid, 2.5 mM dithiothreitol, 2.5% dimethyl sulfoxide,

0.025 mg/ml 5'-nucleotide, 0.23 mg/ml bovine serum albumin and 1-5 ug of each enzyme (the figures

represent the final concentrations). The reaction mixture solution was pre-incubated at 30 *C for 5-10

minutes, [
3H]cAMP or [

3H]cGMP was added thereto and the mixture was incubated at 30 *C for 10-15

40 minutes. A cationic exchange resin suspended in water was added to the reaction solution in order to

absorb the unreacted cAMP or cGMP and thus stop the reaction. The mixture was then centrifuged at 2,000

g for five minutes, a part of the supernatant liquid was taken out and subjected to a measurement of its

radioactivity by means of a liquid scintillation counter. The substance to be tested dissolved in dimethyl

sulfoxide or in water was added to the above reaction system and the inhibitory activity of said substance to

45 each isozyme of the phosphodiesterase was measured.

When the inhibitory activity of the test substance against the isozyme of type I was measured, [
3H]-

cAMP was used as a substrate and 5 ug/ml calmodulin was made coexistent. In the case of the inhibitory

activity measurement to the type II, [
3H]cAMP was used as a substrate and 10 uM cGMP was made

coexistent. In the case of the type III, [
3H]cAMP was used as a substrate and 100 uM Ro20-1724 (4-[(3-

50 butoxy-4-methoxyphenyl)methyl]-2-imidazolidinone; an inhibitor which is specific to the type IV) was made
coexistent. In the case of the type IV, [

3H]cAMP was used as a substrate and 10 uM of cilostazol (an

inhibitor which is specific to the type III) was made coexistent. In the case of the measurement of the type

V, [
3H]cGMP was used as a substrate.

The inhibitory activity to phosphodiesterase isozymes was measured according to the above-mentioned

55 test method and the results show that the compounds according to the present invention exhibited a strong

inhibitory action especially to the isozyme of the type IV. An example of the results is given in Table 1.

4
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Table 1

Substances Tested Inhibitory Activity (IC50)

Compound 4 of this Invention

Compound 6 of this Invention

Ro20-1724 (Control for Comparison)

8.1 uM
17.2 uM
26.1 UM

It is apparent from the result given in Table 1 that the compounds according to the present invention

exhibited a PDEIV-inhibiting activity the same as or even higher than that of Ro20-1 724 which was known

as a very specific RDEIV inhibitor. Furthermore, it can be understood that the resulting PDEIV-inhibiting

activity was very specific. In fact, it was at least 10 times stronger than that of of other types of PDE
isozymes.

As mentioned already, the concentration of cAMP in the tissue increases when the PDEIV is inhibited

and therefore actions on central nerves such as antidepressive action, tranquilizing action, antidemential

action, etc., antiinflammatory action due to inhibiting the isolation of chemical mediators and the perfusion of

neutrophils, bronchodilating action, relaxing action for smooth muscles, liver-protecting action, diuretic

action, etc. have been suggested as the pharmcological effect of the PDEIV inhibitors.

Consequently, the compounds according to the present invention are of great use in pharmaceuticals

such as antidepressive agents, tranquilizing agents, antidemential agents, antiinflammatory agents, antialler-

gic agents, antiasthmatic agents, liver-protecting agents, diuretic agents, etc., and also in medicaments for

the prevention and therapy of various diseases including distortions of the central nervous system such as

depression and dementia as well as others such as inflammation, allergic diseases, asthma, liver diseases,

kidney diseases, etc.

The compounds according to the present invention can be used to formulate pharmaceutical prepara-

tions by combining them with suitable pharmaceutical carriers or diluents. The formulations include various

types of preparations obtainable by common methods such as solids, semisolids, liquids or aerosol

formulations for oral or parenteral administration.

For these preparations, the compounds according to the present invention may be used either on their

own or in combination with pharmaceutically-active components.

In the case of preparations for oral administration, the compounds according to the present invention

may be used alone or together with commonly used excipients. They may for example be blended with

suitable additives (e.g. lactose, sugar, glucose, mannitol, corn starch, potato starch, etc.), binders such as

crystalline cellulose, cellulose derivatives, gum arabicum, tragacanth solution, sodium alginate solution,

gelatin, etc., disintegrating agents such as corn starch, potato starch, potassium carboxymethylcellulose,

etc., lubricating agents such as talc, magnesium stearate, etc. and others including bulking agents,

moisturizing agents, buffers, preservatives, perfumes and the like to give tablets, diluted powders, granules

or capsules.

Alternatively, suppositories may be prepared by blending with fatty/oily bases (e.g. cacao butter),

emulsified bases, watersoluble bases (e.g. Macrogol), hydrophilic bases, etc.

In the case of injections, it is possible to prepare solutions or the suspensions in an aqueous and

nonaqueous solvents such as distilled water for injection, physiological saline solution, Ringer's solution,

plant oil, synthetic fatty acid glycerides, higher fatty acid esters, propylene glycol, etc.

It is also possible, depending upon the state of the patient and the type of the disease, to prepare

pharmaceutical compositions, other than those mentioned above, which are suitable for therapeutic

application as, for example, inhalating agents, aerosol agents, ointments, poultices, eye drops, etc.

The preferred dose of the compounds according to the present invention may vary depending upon the

patient's individiual requirements (i.e. age, body weight, symptoms, etc.), form of the preparation, method of

administration, period of administration etc. In order to achieve the desired effect a 10-2,000 mg per day

may normally be administered orally to the average adult either in a single dosage or in several smaller

doses.

In the case of a parenteral administration e.g. by injection it is preferable, due to the influence of the

absorption, etc., for a quantity of 1/3 to 1/10 of the above oral dose to be administered.

In the following some examples of pharmaceutical formulations containing the compounds according to

the present invention as an active component are given.
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Table 2

(Formulation Example 1 ; Tablet)

Components Amount per Tablet

Compound 6 of this Invention 50 mg
Calcium citrate 118 mg
Crystalline cellulose 10 mg
Magnesium stearate 2 mg
Total 180 mg

Table 3

75

(Formulation Example 2; Injection)

Components Amount per Ampoule

Compound 4 of the Invention 20 mg
Sodium chloride q.s.

Distilled water for injection q.s.

Total 1 ml

25

Claims

1. An inhibitor for phosphodiesterase type IV containing at least one of isoquinoline derivatives repre-

sented by the following general formula and/or a phamaceutically-acceptable salt thereof as an active

30 component.

35

40

45

[in which R is hydrogen or an alkoxy group]

2. An inhibitor for phosphodiesterase type IV according to claim 1 in which the effective component is 1-

(a'^'-diethoxybenzylj-e.r-diethoxy-a^-dihydroisoquinoline hydrochloride.

so

3. An inhibitor for phosphodiesterase type IV according to claim 1 in which the effective component is 1-

(S'^'-diethoxybenzylJ-e.T-diethoxy-S^-dihydroisoquinoline-theophylline-y-acetate.

4. An inhibitor for phosphodiesterase type IV according to claim 1 in which the effective component is 1-

55 (S'^'-diethoxybenzyO-ey-diethoxy-S^-dihydroisoquinoline-theophylline-y-acetate monohydrate.

5. Use of at least one of the isoquinoline derivatives represented by the following general formula

6
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w

15

[in which R is hydrogen or an alkoxy group]

and/or a pharmaceutical^ acceptable salt thereof for the preparation of a pharmaceutical composition

for inhibiting phosphodiesterase type IV.

20 6. Use of at least one of the isoquinoline derivatives represented by the following general formula

25

30

35

40

[in which R is hydrogen or an alkoxy group]

and/or a pharmaceutical^ acceptable salt thereof for the preparation of an antidepressive agent, a

tranquilizer, an antidemential agent, an antiinflammatory agent, an antiallergic agent, an antiasthmatic

agent, a liver-protecting agent or a diuretic agent.

45

50

55

7
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